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Radiologists can generate better reports by using interactive visualization tools, thereby improving physician efficiency and efficacy in diagnosing pathologies.
Advances in medical imaging have improved the diagnosis of various diseases. However, three-dimensional (3D) imaging modalities produce large amount of digital data that is difficult and tedious for physicians to interpret. Thus, computer-aided diagnosis (CAD) systems have started to play a critical role in interpreting these modalities. In turn, CAD helps physicians detect, isolate, and align pathologies and organs. Now, through picture archiving and communication systems (PACS), physicians may also report diagnoses through a computer interface. This is a great improvement over the current reporting system, in which the pathologies are manually recorded using static text.
Current 3D visualization technologies are used widely in viewing the data produced by the imaging equipment, and such capability is usually integrated into the same tool that controls the scan. However, in contrast to the abundant tools available for viewing, the reporting schemes remain static. The difficulty in presenting these useful images in reports is that the pathologies first need to be detected and isolated from the data before they can be presented in the compact format of a report.
To construct a compact, visual report, we start with current CAD functionality. For example, in Figure 1 we demonstrate a visualization tool for reporting lung nodules that shows a 3D, interactive summary of all the detected and segmented nodules. Then, using previously developed algorithms for automatic nodule segmentation and detection, [1] [2] [3] we acquire the location, size, shape, and other properties of the nodules. The displayed results include the shapes and relative sizes of the nodules with segmented anatomic features serving as visual references. In this particular implementation, the two lung surfaces are rendered semi-transparent as the visual reference. Other references could be used, such as the thoracic cage, airways, or vessel trees.
Because the global 3D summary is relatively compact, it may be used as an integral part of the reporting system for lung nod- ules. In addition to it being a dynamic and interactive environment that allows the user to navigate through the nodulesrotating and zooming-the display is spatially synchronized with the main window, so the user can always see the volume data. A click on a nodule in the 3D display updates the main display to the corresponding slice where the nodule was automatically detected, and the nodule location is outlined in the slice shown on the main window.
In the future of CAD, we anticipate a system able to detect and evaluate all types of pathologies and diseases. We call such system a combinatorial-CAD (C-CAD) system. A full report from the C-CAD system would also contain an evaluation of the general health condition of the patient as best can be deduced from the scanned body section. As with the CAD system, the C-CAD report would also be of a graphical and interactive nature.
The new report would allow physicians to examine radiological results with high efficacy and efficiency. Figure 2 shows an example of a proposed C-CAD visualization with a combination of important pathologies that allows the user to choose some of 
This display is linked to the main window displaying volume data (not shown).
them to view in more detail. In addition to lung nodules, the system also has rendered the pathologies of the rib and vertebra both in volume and surface views, for whichever presents the abnormality best. The user would also be able to see more information in the main display window-such as the complete thoracic cage, vessel tree, airway tree, etc.-but in the limited reporting window, the user would see rendered only the most relevant information. 
